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Summary 
The hydrolysates of partially N -acetylated chitosan by chitosanase from Bacillus amyloliquefaciens 
UTK (UTK chitosanase) were separated using CM 四Sephadex C-25 column chromatography， g 巴elf飢lロ凶1社t加ra山
tion on BiぬO鴨G巴elP叩♂2，and HPLC on μ悶BondapakNH2乙. Sugar s印巴quenc巴sof t出h巴oligosacchaねr噂.1ほde凶sweぽre
id巴n凶凶tif怠i巴d by exo 叩 lit伐tingwith 詳#司N 回Ace氏tyμI包刷g剖luc∞osaml凶I
-TOF MS. In addition to chitooligosaccharides， (GlcN)2A， hetero-chitooligosaccharides such as (GlcN)z-
GlcNAc， (GlcN)2-GlcNAひ(GlcN)2，(GlcN)2-GlcNAc-(GlcN)2， and (GlcN)2-GlcNAc-(GlcN)2-GlcNAc 
W巴redetected. Since thes巴oligosaccharideshad GlcN at th巴non-r巴ducingends and GlcN or GlcNAc at 
the reducing巴nds，it was evident that the enzyme can cleave GlcN-GlcN and GlcNAひGlcNlinkages. 
UTK chitosanas巴isclassified into subclass I. 
Key words: chitosanase， Bacillus amyloliquefaciens UTK， family 46， subclass 1， action pattem， 
Introduction 
Chitosanase has been generally r巴cognizedas an enzyme that attack chitosan but not chitin. 
The Enzyme Commission defines chitosanase (EC 3ユ1.123)as an enzyme that catalyzes the 
endo hydrolysis of s-l ，4-g1ycosidic linkages betw巴enN -acetyl心苦lucosamine(GlcNAc) and D同
glucosamine (GlcN) residues in a p紅白allyN -acetylated chitosan. Th巴EnzymeCommission 
definition of chitosanase is accompanied by a comm巴ntthat chitosanase "acts only on polymers 
with 30% to 60% acetylation." The d巴finitionof this enzyme no long巴rholds， according to more 
recent findings on chitosanase. From the viewpoint of enzyme de伽 itionalon巴， further inf01ma-
tion about the structure and function of chitosanase is need巴d.
Most chitosanases are found in microorganisms'.6J， and a few are found in plants7J • Bacillus 
amyloliquefaciens UTK， which was isolated from soil， was found to produc巴constructivelymost 
potent extracellular chitosanase. This chitosanase belongs to the family 46 of glycoside hydro“ 
lases. In this paper， we desc巾 ehow the UTK chitosanase specifically hydrolyz巴stheβ 
glycosidic linkages in p紅tialyN -acetylated chitosan. 
Materials and時宣告thods
民faterials.Chitosan with 28% N削acetylation，which was prepared by homogeneous alk品目
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line hydrolysis of chitin， was the product of Katakura Chikkarin Co.， Ltd.. Bio同GelP-2 was ob-
tained from Bio-Rad Laboratories. A series of (GlcN)n (n=乙6)was purchased from Seikagaku 
Kogyo Co.， Ltd.. Other reagents were of analytical grad巴.
Chitosanas巴waspurifi巴dfrom the culture broth of Bacillus amyloliqu々faciensUTK. The 
specific activity of the enzym巴was800 units per mg protein. Chitosanase activity was assayed 
by soluble chitosan as a substrate8). Exo-βglucosaminidase (s同GlcNase)was prepared from 
Penicillium sp. AF9-P-128 as described previously9). s-N -Ac巴tylglucosaminidase(存
GlcNAcase) from Pycnopourus cinnabarinus IFO 6139 was a gift f1・omProf. M. Mitsutomi of 
Saga University. 存GlcNaseand s-GlcNAcase activities were assayed by the method of 
Mitsutomi et al. 10) 
Measurement of reducing sugar. The amount of reducing sugar in column chromatogra】
pies was measured by a modification of Schales method with GlcN standardll). 
Hydrolysis of chitosan by chitosanase. The hydrolysis of chitosan was done as follows. A 
reaction mixture consisting of 0.6% chitosan (28% N -acetylated chitosan) in 500 ml of 0.1 M 
acetat巴buffer(pH 4.7)， 5 ml of 2% NaN3， and 1.5 ml of chitosanase (36 units) was incubated for 
24 hours at 30
o
C. Thenヲafterth巴additionof another 1.5 ml of chitosanase (36 units)， the mixture 
was furthα‘incubated for 24 hours at 30
o
C. The reaction was stopped by boiling for 5 minutes. 
The reaction mixtur巴wasconcentrated in a rotary巴V昌poratorunder reduced pr'巴ssureat a tem守
perature below 35
0
C and dialyzed through an electric dialyzer (Micro Acilyzer Gl， Asahikasei 
Kogyo Co.， LtdふThedialyzed solution was adjusted to pH 4.5 by adding acetic acid. 
Separation of oligosaccharides. The dialyzed hydrolysat巴wasput onto a column (2.6 x 53 
cm) of CM-Sephadex C-25 previously equilibrated with 0.02 M acetate bu百巴r(pH 4.5). After the 
column was washed with the same buffer， oligosaccharides were eluted with a linear gradient 
from 0 to1.3 M NaCI in the same buffer， ata flow rate of 30 ml p巴rhour. The dialyzed and con-
centrated oligosaccharides were put on a column (2.6 x 180 cm) of Bio-Gel P-2 previously equili-
brated with 0.15 M acetate buffer (pH 4.2) and巴lutedwith the same buffer at a flow rate of 15 ml 
p巴rhour. 
High performance liquid chromatography. The HPLC system consisted of an 880-PU 
pump， an 830-RI detector (Japan Spectroscopic Co.， Ltd.ふanda D-2お50∞OCh耐romat加ωO四In加剣1t総egra抗toαr. 
(1日Ii託taωch凶1泊iLt吋dふ Sugars weぽr巴s鈴巴pa紅ra幻t巴don a Rad必ial.巴悶♂句-♂句
Waters Associates) using aおc巴etom氏tr丘品i江le闇→wa低t巴ぽrrnixture (伯65:35 ラv/v) as the mobile phase， ata flow 
rate of 2.0 ml per minut巴. Chitooligosaccharides were detected by monitoring the refractive in剖
dex. 
Mass spectrometry. Mass spectral analysis of oligosaccharides was done by a Voyager 
Elit巴matrix“assistedlaser desorption ionization time悶ofイlightmass spectrometer (MALDI-TOF 
MS) (PerSeptive Biosyst巴ms). The acceleration voltage was 20 kV and 2，5-dehydroxybenzoic 
acid used as the matrix. 
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Exoglycosidas記 digestion. Partially N -acetylated chitooligosaccharides wer・ehydr叫yzed
by Sl日 essiveaction ofβGlcNase and GlcNAcase， and the hydrolysis products were analyzed by 
HPLC. 
1主εsultsand discussion 
To clarify the specificity for hydrolyzing linkages of recombinant chitosanase， structures of 
oligosaccharides gen巴ratedfrom partially N司acethylatedchitosan by the action of th巴巴nzyme
were studied. Chitosan with 28% N -acetylation was tr凶 tedwith the巴nzymeand the hydrolysate 
was separat巴dby CM-Sephadex C-25 column chromatography (Fig. 1). Although oligosaccha-
1・idesconsisting of only GlcNAc are eluted with 0.02 M acetate buffer (pH 4.5)， no reducing 
sugar was eluted with the same buffer indicating that th巴hydrolysat巴didnot contain (GlcNAc)n・
Each fraction was collected， dialyzed through an el巴ctricdialyzer， and lyophilized. It was further 
purified by gel filtration on a Bio-Gel P之 column. The hydrolysate was separated into eight 
p巴aks.Fractions F-l， 2， 4， 5， 6， 7， and 8 were homogeneous based on th巴HPLC.Therefore， they 
W巴reused for sugar composition and sequence analyses. 
The structures of chitooligosaccharides were studied by exoglycosidase digestion and 
MALDI-TOF MS. In MALDI-TOF MS， pseudo molecular ions of chitooligosaccharides were 
detected in the positive ion mode as sodium adducts. In the mass spectra of F-2， 4， and 7， the ion 
p巴aksat mJz 363.0 [(GlcN+Nan， 524.0 [[(GlcN)aNarJ and 685.1 [[(GlcN)3+NarJ were ob-
民間d，respectively. These oligosaccharides w巴recompletely d巴composedby s-GlcNase to only 
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Fig. 1 CM-Sephacl巴xC-25 Column Chromatography of 01igosaccharicles Proclucecl in the Hy-
drolysis of Partial1y N -Acetylated Chitosan with Chitosanase 企omBacillus amy-
loliquefaciens UTK. 
The hyclrolysat巴 from3g of N -acetylated chitosan was put onto a column of CM明
Sephadex C-25. The巴xp巴rim巴ntald巴tailsare clescribecl in the text. Oligosaccharides wer巴
eluted with a linear gradient from 0 to1.3 M NaC1 in the 0.02 M acetate buffer (pH 4.5) e， r巴-
ducing sugar， Line : -， NaCl 
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Fig. 2 HPLC of th巴HydrolysisProducts of F-I (A)， F-2 (B)， F-4 (C)， and F-7 (D) by β 
GlcNase 
The experimental details are described in the t巴xt.Hydrolysis products were巴lutedwith 
acetonitrile-water (65 : 35， v /v) and monitor巴dby the refractive index. Chitooligosaεchmide 
(a) was digest巴dwith βGlcNase (b). 
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Fig.3 HPLC ofthe Hydrolysis Products ofF-5 (A)， Fゐ(B)，and F必(C)by Successive Action 
ofβGlcNase andβGlcNAcas巴.
The experimental details are describ巴din th巴text.Hydrolysis products were elut巴dwith 
acetonitrile-wat巴r(65 : 35， v/v) and monitored by the refractiv巴index.Chitooligosacchmide 
(a) was dig巴批dwith s-GlcNas巴(b)followed by s-GlcNAcas巴(c)and βGlcNase (d) 
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GlcN (Fig. 2)ー Thus，F-2， 4， and 7 were identified to be (GlcN)2， (GlcN)3， and (GlcN)4， respec-
tively. 
In the MALDI-TOF MS analysis of F-l， 5， 6， and 8， th巴[M+Narions wer巴detect巴dat rnIz 
566.1， 1091.3， 888.2， and 1049.4， indicating that mother compounds were monoacetylchitotriose， 
diacetylchitoh巴xaose，monoacetylchitopentaose， and monoacetylchitohexaose， resp巴ctively. To 
determine the sugar sequences of these h巴tero田chitooligosaccharides，the sampl巴swere hydro-
lyzed by successive action of βGlcNase and s-GlcNAcase. Figure 2 and 3 show the HPLC pat四
tern of th巴hydrolysatesof each s昌mple.
F-l， which was monoacetylchitotriose， was hydrolyzed to GlcN and GlcNAc by s心lcNa位
From these results， F同1was identified to be (GlcN)2-(GlcNAc). 
F-S was hydrolyzed by s-GlcNase to prod回 eGlcN and F-5-1， and th巴laterwas further split 
by βGlcNAcase to produce GlcNAc and Fふ 2.MALDI-TOF MS analysis indicated that Fふ l
andF田5-2were t巴trasaccharidescontaining two GlcNAc residu巴s[(M+Nar; mlz 769.0] and tri-
saccharides containing one GlcNAc residue [(M+NaY; rnIz 566.1]， r・巴spectively.Fδ凶2was hy-
drolyzed to GlcN and GlcNAc by βGlcNas巴. From these r巴sults，F四5was identified as (GlcN)γ 
(GlcNAc)ベGlcN)r(GlcNAc). 
F-6， which was monoacetylchitop巴ntaose，was hydrolyz巴dby 科GlcNaseto GlcN and Fーか1.
MS analysis revealed that F-6回1was monoacetylchitotriose [(M+Na)+， rnIz 566.1]. Thes巴results
indicated that the structure of F四6was (GlCN)2ベGlcNAc)回(GlcN)2・
F-8， which was monoacetylchitohexaose， was hydrolyzed byβGlcNase to GlcN and F四8-1.
In the mass spectrum of Fーらl，the[M+Na]十 ionwas observed at rnIz 727.2 which corresponded 
to (monoacetylchitotriose+Nar. These results indicated that the structure of F凶8was (GlcN)了
(GlcNAc )-( GlcN)3・
From the results describ巴dabove， itcan be concluded that this chitosanase hydrolyze GlcN-
GlcN and GlcNAc-GlcN linkages but not GlcN-GlcNAc nor GlcNAゃGlcNAclinkag巴sin partial附
ly N -acetylated chitosan. 
Table 1. Oligosaccharides obtained in the digestion of partialy N -acetylated chitosan 
by chitosanases 
subclass 1 
Bacillus 
cJrculans 
WL~12 
su包clas1 subclass I 
Streptomyces 
grJs8us 
HUT6037 
BaciJIus 
clrcul;聞 S
MH-Kl 
Bacillussp 
NO.7-M 
BaoiIJus sp.928 BacIlus 
~~~帥N-262 
Bacil1us 割問'ptomyces penlcll1lum sp 
amyloliquefaciens sp.N174 AF9-P-128 
UTK 
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Chitosanases are classifi巴don the basis of amino acid sequence similarities into families 8， 
46， 75， and 80 among the 81 g1ycosy1 hydr01ase familiesl2l. Fami1y 46 chitosanase is further sub司
divided into some groups， such as N174 chitosanase， UTK chitosanase， and MH-Kl chitosanas巴.
On the other hand， microbial chitosanases are classified into other three subclasses bas巴don the 
specificity of the cleavage positions for partially ac巴ty1atedchitosan"l (Table 1). Subclass 1 chito-
sanases such as N174 chitosanaseH' and UTK chitosanase， can sp1it GlcN-GlcN and GlcNAc-
GlcN linkages， whereas Bacillus sp. NO.7-M chitosanase3' in subclass n can cleave only GlcN叩
GlcN linkage. Subclass IU chitosanase such as MH-Kl chitosanaselOl can split both GlcN-GlcN 
and GlcN叩GlcNAclinkages. This selectivity at the cleavage position of the substrates might be 
controlled by rigid substrate recognition by chitosanas巴sin these subclasses. 
Acknowledgements 
w巴aregrateful to Prof. Masaru Mitsutomi of Saga Univ刊verαr問.
G1[必寸~Acas巴 and tωo Dr. Yuto Kamei and Dr. Hideaki Harada in Marine and Highland Bioscience 
Center， Saga University for help in mass spectral analysis. 
Ref，配renc邸
1. Sakai， K.， R. Katsumi， A. Isobe， and F. Nanjo (1991). Purification and hydrolytic action of a chitosanase 
from Nocardia orIentalis. Biochim Biophys Acta. 1079， 65-72. 
2. Boucher， 1.， A. Dupuy， P.Vidal， W. A. Neugebauer， and R. Brzezinski (1992). Purification and characteriza-
tion of chitosanase from Streptomyces N174. Appl. Microbiol. Biotechnol. 38， 188-193 
3. Izume， M.， S‘Nagae， H. Kawagishi， M. Mitsutomi， and A. Ohtakara (1992). Action pattern of Bacillus sp. 
NO.7-M chitosanase on partially N聞acetylatedchitosan. Biosci. Biotechnol. Biochem. 56， 448-453 
4. Fukamizo， T.， T. Ohkawa， Y.Ikeda， and S. Ooto (1994). Specificity of chitosanase from Bacillus pumilus. 
Biochim. Biophys. Act.αI 205， 183-188 
5. Seki， K.， KU1行amaH， Okud乱T，and Uchida Y (1997). Molecu1ar c10ning oh the gene encoding chitosanase 
from Bacillus amyloliquefaciens UTK. Advances in Chitin Science 2， 284-289 
6. Park， J.K.， K. Shimono， N. Ochiai， K. Shigeru， M. Kurita， Y.Ohta， K. Tanaka， H. Matsuda， and M. 
Kawamukai (1999). Purification， characterization， and gene analysis of a chitosanas巴(ChoA)from Matsue時
bacter clutosanotabidus 3001. J Bacteriol. 181， 6642-9 
7. Osswald， W. F.， 1. P. Shapiro， H. Doostdar， R.E. McDonald， R. P. Niedz， C.J. Nairn， C. J. Hearn， and R. T 
Mayer (1994)‘Id巴ntificatiol1and characterization of acidic hydrolases with chitinase and chitosanase activi-
ties from sw巴etorange callus tissue. Plant Cell Physiol. 35， 811-20. 
8. Mitsutomi， M.， M. Isol1o， A. Uchiyama， and T. W乱tanabe(1998). Chitosanase activity of the enzyme previ-
ously rcpo巾 das s-1， 3-1， 4即glucanas巴fromBacillus c町 ulansWL同12.Biosci. Biotechnol. Biochem. 62， 
2107-2114 
9. Uchida， Y.， H. Takcda， A. Ohkuma， and K. S巴ki(1997). Purification and properties of exo-s-D守
glucosaminidase from Penicillium sp.， and its applications. Advances i月chitinScience 2， 244-249 
10. Mitsutomi， M.， M. Ueda， M. Arai， A. Ando， and T. Watanabe (1996). Action patterns of microbial chitinases 
and chitosanases on partially N -ac巴tylatedchitosan. Chitin Enzymol. 2， 273叩284
11. Imoto， T.and K. Yagishita (1971). A simple activity measurement of Iysozyme. Agric. Biol. Chem. 35，1154 
制1156
12. Hemissat， B.and A. Bairoch (1996). Updating the s巴quenc巴-basedc1assification of glycosyl hydrola切 s.Bio-
Seki・Tateishi・Uchida: Action Pattern of UTK Chitosanase on Chitosan 115 
chern. J. 316， 695-696 
13. Fukamizo， T.， Y. Honda， S.Ooto， I. Boucher， and R. Brzezinski (1995). Reaction mechanism of chitosanase 
from Streptornyces sp. N174. Biochem. J. 311，377-383 
116 Bull. Fac‘Agr.， Saga UnIv. No. 85 (2000) 
Bacillus amyloliquefaciens UTKが生産するキトサナーゼの
部分N アセチルキトサンに対する作用機作
関 j青彦・立石浩二・内田 泰
(生物資源化学研究室)
平成12年9}jl日受理
摘 要
キトサナーゼは，アミノ酸の疎水性クラスター分析による分類から，ファミリ -46を代表と
する 4種のファミリーに属している.また，一方部分N アセチルキトサンに対する作用様
式から 3種に分類されており，構造と機能の相関について興味が持たれている.我々は，土
壌中より単離されたBacillusamyloliquポlciensUTKが構成的に活性の強いキトサナーゼを生産
することを見出し，この酵素がファミリー46に属するキトサナーゼであることを明らかにして
きた.本研究ではこの騨素の分解様式の解明を試みた.本酵素による，N アセチルキトサン
の分解生成物を CM-Sephadexι2Sイオン交換クロマトグラフィー， Bio心elP-2によるゲルろ
過， μ-BondapakNH2カラムを用いた HPLCにより分離した.分解生成物はj:_に8のI函分からなっ
ていた.各磁分の糖配列は，エキソグルコサミニダーゼおよびエキソ Nーアセチルグルコサミ
ニダーゼによる分解， MALDl-TOF MSによる質量分析によりのlcN)2-4， (GlcN)2-GlcNAc， (GlcN)2 
同GlcNAc-(GlcN)2，(GlcN)γGlcNAひ(GlcN)2，(GlcN)，-GlcNAc-(GlcN)z-GlcNAcであると決定された.
これら，分解生成物は非還元末端がGlcNであり，還元末端は GlcNあるいは GlcNAcであっ
たことから， GlcN-GlcN結合と GlcNAc-GlcNの結合を切断しうることが証明された.このこ
とから，ファミリー46キトサナーゼである本酵素は，サブクラス Iの分解様式であることが明
らかになった.
